A contact mechanics model was developed to investigate the effect of macroscopic and microscopic surface features of the bearing surface of both conventional and cross-linked polyethylene acetabular cups tested in hip simulators. Wear of the bearing surface was found to increase the conformity and to decrease the contact pressure for both materials. The surface roughness on the cup surface was found to increase the contact pressure perturbation, particularly for the conventional polyethylene.
INTRODUCTION
Both experimental and theoretical studies reported in the literature indicate that metal-on-UHMWPE total hip replacements operate in the mixed lubrication regime. The released wear particles cause adverse tissue reactions, leading to osteolysis and eventually implant loosening [1] . Cross-linked polyethylene cups have been introduced recently to reduce wear compared with conventional ones. The generation of polyethylene particles depends on material properties as well as macroscopic and microscopic geometries of the bearing surface. Contact mechanics analysis using an integrated experimental and theoretical approach may provide important insights into the overall understanding of the tribological mechanism and wear mechanism in artificial hip joints. For this purpose, the present study was to investigate theoretically the contact mechanics of metal-on-polyethylene hip joints before and after simulator testing for different polyethylene materials.
MATERIALS AND METHOD
The simulator testing was carried out in a Prosim 10 station hip joint simulator for a period of 5 million cycles. The nominal diameter of the UHMWPE cup was fixed at 28mm. The femoral head was cobalt chrome alloy. Conventional and crosslinked polyethylene acetabular cups against the metallic head were considered. The conventional polyethylene material was sterilized in air with 2.5MRad of gamma irradiation. The crosslinked polyethylene material was obtained using 10MRad gamma irradiation in nitrogen followed by re-melting at a temperature above 150°C.
The macroscopic three-dimensional geometry of the polyethylene bearing surface was measured every million cycles using a coordinate measuring machine (CMM). The microscopic three-dimensional surface topography of the cup was measured over a small area of 4mm×4mm using a Form Talysurf profilometer fitted with a step motor perpendicular to the traverse direction.
An ideal smooth spherical surface was firstly determined by surface-fitting of 1098 (61×18) geometrical data points from the CMM measurement of each cup using a least-square algorithm, and used subsequently as a reference sphere to calculate the surface deviations of the original cup or worn bearing surface. The surface geometry was smoothed and filtered by averaging and curve-fitting in order to get different features on the bearing surface: overall smooth surface form and localized wavy surface form for macroscopic contact analyses. The roughness of the microscopic topography data of the worn bearing surface from the Talysurf was extracted and superimposed on the overall surface form as roughness surface for the microscopic contact analysis.
The contact mechanics analysis was carried out using the elastic deformation coefficients determined by a spherical fast Fourier transform (SFFT) technique [2] . This involved the determination of the response or influence function of the deformation under a unit pressure pulse from the finite element model of the spherical cup or head. The SFFT technique, together with an inverse convolution incorporating a smooth function filter [3] , was found to be efficient, robust and able to simulate more realistic surface features with a relatively large number of mesh grid points. The methodology was applied to the contact mechanics analysis of the UHMWPE hip implant tested in the hip simulator. The macroscopic contact pressure 
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was determined by considering both the overall smooth and localized wavy surface forms. The microscopic contact mechanics analysis was evaluated by considering the roughness through superimposition.
RESULTS
Contact pressure distributions are shown in Fig.1~4 for both conventional (2.5MRad) and cross-linked UHMWPE (10MRad) cups before and after wear testing for 5 million cycles. The predicted contact pressures for different cup surface features are compared in each figure for the different materials at a given testing cycle.
DISCUSSION AND CONCLUSIONS
The measured data showed that the worn cross-linked UHMWPE cups had a lower wear than the conventional cups. Machining marks were found on both original cups and reflected from the macroscopic contact pressure distribution as shown in Fig.2 . After the wear test, these machining marks were removed, but the worn surface was still rough, especially for the conventional polyethylene cup compared with the crosslinked cup. This resulted in the prediction of increased pressure fluctuation for the conventional polyethylene cup. The predicted contact pressure distribution for the overall smooth surface model reflected basic characteristics of the macroscopic contact pressure for the localized wavy surface for the two materials. There were no significant differences in the contact pressure distributions for the smooth surfaces of the original or worn cups for either material. However, the contact pressure distributions for the worn cups were significantly changed, as compared with the unworn cups. The contact pressure became more evenly distributed as a result of increased conformity due to wear. 
